Agroclimatology Research at the ICRISAT Sahelian Center by Sivakumar, M V K
ACKOCl.lhlA'I'OI,OCY KKSEAHCII AT TIIE ICRlSAT SAllELlAN CENTER 
Abrmrl A g l u ~ l > l i l r l ~ , l i , g ~  ~ r * c . l l ~ l l  nl 1111. I I 'R lYA l  Srlli.l#nn Crntcr i lSC) tr a!, #r~ l rg ra l  pan  n l l h e  Rrsr~urcc 
\ l rnrgw,sni I'ri,~r:%rli 4 KMi ' l  I! I. ~nirii,l, i i ,n<rrnci \ r i lh  rrnalrir sr%crmmml a 3  covl~i?nmentr l  cilacls on 
lh<,Ihg#t ( 1  l p r ~ ~ c ~ ~ ~ ~ ~  111~ tv,, h 4 5 h  #%,<?,arb h f4ppr~s.~~ h t v  8 n ~ I u ~ l ~ ~  M % r s > s l > ! ~ t ~ ! a ~  A !>x l$<~< <,r S ~ ~ a t ~ , g , c  Plann4ng 
SIIIIIIIL 111~1 h t l i l ,~~ l ! c l l~ l l l c  A n ~ l ! % k  cot 1nt18~.41 Sltld#,.. I hr,c I-<! app~csacl~c? arc t11~~\1r*!d 4" the p r ~ r  ~ 8 t h  
~ u ~ ! . ~ l ~ l r r ~ r n r ? ~ l , l t ~ ~  h lx i i l  i iI1\1I81.~1tncli.rlnir#> 118 ll r.~lr.lrg~c p lnnncn luud~r r  are  ra~n lx l l  v r t l - c l~m.~~c  
XI>II,III,I/I ~ A I C ~  hdIan l~  i#llll1l.tlit~n. rc#n~)i .$nlu#t x ~ ~ * I ! r i r  and rc\rxfih ~ , n r l ~ o r l e  r l lxn~r l h r  annlyre.prou3r 
*g"""""""Il, ,i'li.irrlr l i l l l ~ l l l ~ ,~ t l t l , l  It!, li4"tl ,I\<. (plslnlng. ~h<llr,. ,>I ~',,rplLr,?pl.,,,g L).,<,,, and mu,urce 
a I l t r ~ l l ~ , # ~  0 1 1 $  ~r !d I i \ l s  111 diluli rilll'l.llI J.IIx 8 8 1  Ur.l Airlci1 r1ltlwi.d 111N Ihc ~>lhr l  l i t ?"in\ 8r ?much murr 
~.,,,.,l.ie ,ti.," f t i i  11111,,1. in1 1.11111 lI.lii<l 1181 11111 .411.11!11\ 01 01(. 1~11~lll ,l"d ln~t l l l .~, i r l i~r 111 dry rp r l l r  irlr 150 
l i , i n l # t l r l ~ # ~ ~  l11n Si#tl.tni> \ . ~ 1 1 ~ ~ 1 1 ~ # 1 i  7 ~ 8 1 ~ ~  01 HL,LI Al(8~8, >+,. c l ~ ~ i ~ ~ 8 ~ n ~ l r , t l e ~ l  lliitl t l i )  \pc,ll\ IIIIIIICIIICI~COLC I n p ~ n l ~ l c  
""","",,1 4"J dl l l l l lg # l . l l , l  l i l l l l lg 111 ~ l . l < l l  <.,,I!. /.#.I III/I#C, L1,illl dl l i l l lg jlxniclr i , l , l i i , l i l ~ "  1k1 nl,uerlng Therr 
,r.,,1,, I,,,, hc illll,ll~il I,, *I,~.i.il .il,l\ II1<lllll,l,g .4gI,I"O!IIy. ph,5111111~, llliil (>lill,C ~ , P C < I , " ~  WE 11,1 ~ , > a l y l ~ d  
<l,ail\ r ~ ~ t ~ l . d l  d alib 1hf :I Ihii:tlil,,li III N I P I . ~  III iig#l!lililit P ( , I ~ ~ C T \  IC~N~IIIII~ (I~ I ~II. il.lel, ilnd d t ~ f u \ w d  !he 
,,,,~.l,i"l,lll,i 1 7 1  ,I,r..c 11~,ll1~1. 1111 "plliillllll(. 11, ,I>? ale" 01 I ~ t l l t i l  \llldli.. WC el,lllll"llzCd . ~ T U I , C ~  cm 
( ' i ~ n ~ l l l l ~ ~ l ? a l  <'l\q,jrl!ig Si\lt.mi ic'<'Sl ~ i n i l I l l ~ ? i r l i t ~ n n l  u n l r r  hxlxnii. \I>iilbrr. ~ririh*l>lrlnrnl and p r u l ~ c l n ~ ~ ~  111 
' f l r r ~ 1 1 7 1 1 5  881 r \ x l~v . ' l n r i  lh?..c\ III>III \ 1 % 1  111 1111111-1 I ~ i a d  (n>l.p#ng .y\ lr l l l i ,  n r x ~ ~ # n c n x ~ l l l  c>1 energy halmcc a 3  
v'rptlrrli<!n s w i l  lir#c, ~ 1 1  mil I r l l t ~  ho ih l r rd  11i8r i~l i lyng w8cld rrc8rvm und 115 r l l n c *  on crop p n u l u c ~ q ~ ~ n ,  and 
<III~IAII? illltl rp,ipliliilll#ll ~ I~ I I .~ I I I IL *  i l l  l lw ~ ? ~ . l l l  IIIIIIVI va lh~ad  ~ ~ l l r p l l l d r  K c I ( . s ~ , L ~  ( IPS <'VS l r (x l t  1989 111 1991 
LIt'trl> \ I>c>>L<cI ,I#,,! 1, 8. I ~ \ \ % < I ~ I L ,  l<>i<#, ,U ,\ 19 I,\" C!,#I, <>I " > , l I ~ , l ~ , ~ ~ ~ " ~ "  d,,,,tlg yu,, ,",,I,:,,, cnr1y ,,",C, ,,I rat",, 
-1,.>r Ill,. \L.C>.LI ,#,,I, ( 5 1  ,t8bl'...1 1' crliull I,,, I,.!) l l l l r  CI,,,,,.I>, ,\ cl,r,,~n,l\ lrillg iH,>l'l,t'l I" <,n-,*rn, prr,l*ls 
i i > i l i l l l i l + ~ d  11) 111,. 1n.~lii1ll.<l I-IIIFI.<#~I#\M< I , UVII Alr>cd I lu r  ual?  Ih~li8ncr <laJlr< ill lr8888 11~11111)11\ l rotn 1084-87 
> t i  \ g t 1  \ I l i l i i n l  111.11 " i l l ' \ l i n~  A 1111i l i1l  ll lLllllll) 111  1111411111111111~ ( I I  \.llid! iilll\ l ~ ~ l i l l l  1 1  2.9 k> ld  In<rcrie& In 
\S.IILI t8.r r l l r ~ , t ~ i i  i .tnil ~ ~ . i # i >  (11d S l ~ ~ ~ l ~ r i ~ ~ ~ ~  111r ~ ~~ .< \cwcrncnt  ancl prrdxclrvs l i l  crnp08nl~un II,II~ /kwdcn \# ly  
8il#llll ~ i i 111 -  111.11 %,.I, , l ~ # n l ~ ~ i i r t l  ~ ~ ~ : l . ~ l ~ ~ ~ r , ~ l ~ , ~ n  % l l l  $ 1 8 ~  I r ~ l i l ~ ~ l v  101 llyllrlllligl \IIOWL.~ I/).~I evn l l~~r~ lo<m frcllll 
,I,L ,,,,I .\,,I,,L< &<>,,\I,,,,,L< a ,,gr,,1, ,411 % , < , , I  I<# \ \  ",l,l (ha1 ,,I? I , ,  l,,% ,>I ,I,? ,,>3.,,,>,,1 ,",,,iall ~<," ld k I,, 
lli!~itugh tllrt,il (081 ~\.$p8l#.111m I3,,!,,l#iilr) ,tntl Ivi88tw~r) lul>n#i l$>c. u r r r  a\rd I I I  s~,l,xra!r \r,#l and plan1 
,\,ll"","""1 I,, r,,~,,.. ,11,11111,1,il l i l t . ,  lYllIllnl,.,.l,,,g lillld \1lrl"l,... I,,II,,* hll\lll",,d and hare .<>,I, wc \h, lwd 
\ti.,< ,\,il,w.%lil!#l l # l s s $ ,  1,ii.l) \,pL~,biil,!i I /~ . I I I~ ,~ /  ti, l l i r  IUI~L. iJllllisc III  t . i ~ ~ ~ i % r r t t i , n  ~,hn.wul over 
'1.1 11,111 . , # I  U111>1 lll..lllll L l l 3 i . l  t i ,  <lli(llll. !I,,. <.,lrI) I).tli 1.1 Ill<. I ll") <r,"ulll, r 11111. (11 1/11. IIIXlor i o n t l r l l n l l  
t i ,  i , t , p  \t11111.1114,11 li, (11,. \.d~~lt.,,, ,i,itr K t  /I.IY, ~ t , , t i : , ~ d   ~ ~ ~ ~ ~ 1 1 d r ~ ~ ~ p l ~ r ~ d ~ y  I C \ C X I L ~  ~llirl I,,quamaly (ha 
lp l i~ i l , .~~  ypr,r ir . , r  ,.iilh1.,1 8 ,  V~~IL I  L ~ - ~ ~ , t , , t  .A\\~\,  d + ~ > ~ . t p  I,, i r i ~ ~ \ .  YVHIII~IC IIIYII.I~P~,EIII I ~ C ~ ~ ~ I ~ U C L  1,) 
1111111,1117,. ,I,,. d.l,ll.4,~, .I!. I 1  i i l l . 1 1 1  i n , , , , , . -  \ i l l l l~ 1 3 1  ,he r,.il.41, ,i.il."ltll 1,.111I,, 8" ,I,,\ rrru are d,.'"%d 
Kl'$t,,rtP l .a rr i l~uc1~, , ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~ , ~ l ~ ~ ~ ~ ~ ~  ,181 I L r l l r i  SXI~IIIPII dl. I ' l l  K l S A l  1.811 I~.IIIIV i18lielnnlr du IPn,gramme 
idi gl\lit\n dl\ n.~\tlwLL ,I ~ p ~ l c ~ . , ~ , > t ~ ~  I L ~ I I ~ I I  i ~ t r~ ' ~ ~ Y ~ ~ ~ X I I I I I I  i l v i  ICI IIIIILCI t.1 IPITII~.~\ ile l 'env~mnnemenl 
" 8 ,  Ir., ~",,"\\,,' I~I~>I,./I,I/II,~ 1 I.., ,Ii i x  ill,<.\ ,b I,, ,l.</!l.,O,1. \,It,, *XUI., \ll, I ~,.,,I~Ic III"~~O<I,I~I~I<IUL. d'unc 
p r l  ii~zdc,. ~ l~ . t ! tp~c l t~ . . .  ,Ii / I I .~ I>~ I~ I  l t i t , r >  ( I  U ~ \ L  I~IAI~\L r i t ~ i r < n l ~ > ~ ~ i l ~ q n e  oc l ( l i> t l~ *  IHLIIIIIIW - d'uulrr part 
L n  ~ p r a u r ~ w  , t P 1 ~ ~ ~ ~ I ~ ~  rli~tlp!rlrtr l I 1 ~ ~ ~ ~ ~ I . .  *itl i lt<. L.LITIII.ICI I'IIIIAI~IC dv p r i ~ l p ~ l ~ l # a ) n \ .  le v,nag,: 
picIlx Ihlnnfqllc. I., ~ H I ~ ~ ~ A ~ I ~ ~ o  tlk l h l . ~  I ~ ) L I ~ ~ ~ ~ u v  /I.* ~ H ~ Y ~ ~ I C I  de ~ c ~ r ~ g ( r . t l i ~ r r  rl In isr l i rrrhu \ur Ic~ihnnpcmcnla 
II,~,,.,I,~~,,C, C ,  ,lllillj\~l l ~ l l l L L 8 1 ~ r , ~  I,, IIIIJ~~I,, pillln~II~II IIII p P P P P P c  drlrl rlrlrlrlrl rlEEEEEEEEEEEEEIIII p P P P P P P t t ~ n ~  dd PIIII~C~ 
I'UI,I,,,,~,,,~~I,.. t c r l r i .  I~LI,,,,L ,I,.. l)i,~llrl ~ C C ~ ~ I ~ L W L ~  1.1 l'llrezlltliln ~ C I  I L W O ~ ~ ~ L L . \  N I ~  a n u l y r o d c ~ p l u ~ a r  
qllli(idlcnilri cn AII, ,~~,.  di. I ' , , L#~%(  r I ~ ~ , ~ I ~ I I C .  t ( ~ ~ C  11 ~ : ~ r l ~ h ~ l # t J  JCI ~IILII>IIIIIIIIII* C\I hmrn plub yrandc su d ibu l  
,,,,'i 1. fir, ,Ic, 1,1!1(,.\ N l . o r  ,nu,ii. vo ti, I I I I I ~ I I V ~ . ~ ,  ~ $ 8  In ha\? dr. r r l r i i \  ilu durr'r cl  dc Ir6iluenco dr* rrrllnle- 
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dynr~~>tquc<l~nul  pl,psln~~on 4, .hun~ilir i b  I'C~II du IIIII (PVII~IIII~UII gb,~c.uni) ,  I..* ICLJICRIICI enlrcprlseh kur 
le, s)rlcrncr d~i, dc '~ul~arcr  r < i i ~ r  r i l u d i l ~ ~ ~ ~ ~ , '  dr. 1989 i 1991 on1 i l v~ rsm~n l  !unlri qtit l c l l  pclhhtl>le. li>fque 
les plwcs i<#nmcnicnl (GI, dr ~ull iver FIIII SI m i l d  cn xltcmmrc cn dchlmvnl Ic n~ihr' P ,sivlr ilc bin. C'rrl 
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el la p r i v~a~<~n  de I'lvxpc>rrlwi dci i\ i l l tt~c\ de m ~ l  i lr~r\emico n1 nwnlrl qt~e I'dvupi,lran~p~ral~m P I8 iurlvcc 
de  ull rdprurnlc l l lw  plrlc % i g ! l l l # i d ~ ~ ~ ~  d ' c i~ ,  51 q11'~)n PCIUYIII r ~ l e ~ c r  jp l ' iq~~'~ 16% de p c r l ~  dl: plll~eb 
u ~ \ i l n n ~ d r c h ,  due r isllc cvilx~~ucio, d81urc ~liu - 8 1  I.cs eiupc>rullc,nr du rjl GI ds lu pld~ile iunl pu BIR nmurScs 
dpar2nrnl g r i i c  xox trclin>qei~ di, pi~rc,!oill~r cl I~IIIIICIILE in l in ,  Icr mcrurr, cl lc i l i l i i .~  rilr dcul lypr, (10 
r c l ~ d  <cmIrd\l2~, I.ILIL~~C L I < I \ I ?%C LI n u  ,#!>I r,,onIrd q\,c 10 l d ~ u  d 'hapt~r#I~<~n cl lh Ih~Iu~h Anergdl6qua5 
dlr~cnl Ire\ d~ll~:n.nl\ ~'IIII h I ' A W U  L.'<ro\~tm CIIIICIIIIS, nula~tin>enl N U  ~CIIUI d~ I* \~I\OII d~ pIu~r\, esl 
i'unc dcr ~,~nlrrinlui I~I.IJV~I~C\ a I ' ~ f r ~ i ~ ~ l l u r ~  en o>nc rahdlisnoc N i u  ilv~,nr enla~ld du, rwhenhca 
mull~dlsi~pllnnlrc p u r  t l ~ l l l u r  lcr gn,crr\ll\ pllyliqileh I(\)! l l ~ l~w l~nnan l  du , i r l lc  dnl\li>ll, &valuer Ic$ degllh 
i ruxr rur cullurcs i ~ n i ~  quc l i r  IL<II~I,I~LI~~ dr gc\lt<>n p r ~ ~ c l l a n l  dc i<l~iflcr dl'gil, e !  solin,  pta~r i r~hlcr  
Jca uar~ll is palmellcux\ N~tilr prc.inl<,nr ati i,m~ltur~<>n q\~cli(i~ur rdiull ih rd~cnh dc uci YLIIVIICI. 
Agrocl1n1atology rcrcarc l~ a1 Ihe I('KISA1' Sailellan Center (IS('] 15 an 111fegral par1 o f  l l le 
Resource Manageme111 I ' r o p r i ~ ~ l ~  (](MI') The p r i~na ry  ~ i l i j e c ~ ~ v e  111 I tMI '  IS I11 devc l~ ip  
prcducllon syslclns 111;11 111:1lch 11ii1l~rld1 Iroin I ( ' l < l S A T ' ~  crop III~~~I>VCIIICII~ programmer l a  
(he phys~c r l  a ~ l ~ l  SOLI~I CII~I~OI~II IFII I~ [ ) r c v d ~ I ~ t ~ g  III I l ~ c  WCSI h l r1~i111 s c ~ l ~ i - a r ~ d  l r t~plcs 
( ICRISAI ' ,  1987). I n  l l ~ i r  c t ~ ~ i l c x l ,  " ~ i i ~ ~ l c l ~ ~ o g "  IllcniIs atlcll ipllng 111 Ill.lxilnire prudilclnln 
w~ i l i ou l  sacr~f ic ing ylcld s ln l~ i l~ l ) .  I~IIIII ycar 111 year and w ~ l t i o l ~ l  sqliirntlcrlng irreplaceable 
resources such as lop xi11 nil g ro~~ndwa lc r  reserves, There arc 111arkcd d~ffcrences In  
rainfall, so~ l s  and oll ler a g r i x c ~ ~ l o g ~ c i ~ l  inclors h c l w e e ~ ~  dhfl'ereni c l l l~ iat ic  n i i ics in  Wesl 
Africa, as well as in Ihe v c ~ a - c ~ o n n i i ~ ~ c  cllvironlnrnls. Such va r~ed  enviruninenls rcqulre Ihe 
developlnent 0 1  a range o i  s o l ~ ~ ~ ~ o ~ i \  and general concept> fur resource ~nanagemen~. 
The need for a n lorr  e l ' l i c i c i~~  and c i i c c l ~ v r  syrtelli o f  naltlral resource Iilm.igeilienl is greatest 
in West Africa, SIIICC 1111s 1s t l ~ c  only regloo o f  l l ~ e  wor l i l  where !lie lirr r t r /~r f i i  f ~ d  
praduclion liar declined over [tie pas! two decades, w t ~ ~ l e  h r  ralio o i  looti (Inpons to Iota1 
food consompllon has ~ncreased Seyeral laclors are rrspnnsible for lhe low agriculti~ral 
p r a d u ~ l ~ ~ l l y  I n  Wesl Alrlca. However, rhe ~ l i os l  ~ inpor lanl  are c l i ~oauc :  the low and highly 
variable ramfall and the lhigli d e ~ ~ ~ a n d  for waler i lnlwsed by Ihe high lelnpcratures and 
radiation throughout Ihe year. These faclors cause grcal var~al i i l i ly  i n  yearly crop yields. 
Total crop failures occurred In  Illany parts o f  Wesf Afrlca f rom 1968 l o  1973. The demand 
for food far exceded the l ~ ~ t i i l e d  ~ ~ n d ~ c l i v ~ l y  asm a led  w l fh  lradil lonal agricultural melhcds 
during such dry years. Even Illore serious I> Ihe apparenl degradarlun o f  solla and vegetation. 
Hence lhere IS an urgent need l o  develop new lechnolog~es In  remorcc management thal 
maximize the efficient use o f  ll~r IIIIIIIC~ c l l ~ n a l ~ c  and so11 resources for achieving grealer 
yield shb i l~ l y ,  while prolecling !he p rah~c l i v i t y  o f  the reg~on's fragile soils. 
TIlE AGROCLIMATIC RESEARCH APPROACH AT ISC 
Developing an improved crop-product~on technology q u i r e s  a more complete and 
quantttative underslandlng o f  the tenlporal and spatial variation o f  natural resources, and o f  
the nature and degree of  their influence on crop growth and productivity. Hence 
agrcl i~natology research in  R M P  IS ~nainly concerned with resource assessment and 
environ~nental effects on biolop~cal processes. The two basic research approaches are: 
a) the assessment o f  the ava~lable nat~lral resources to enable long-term develop~nent planning 
or crop diversification. This approact? could be termed Macrwl in~auc Analysis or Strategic 
Planning Studies. 
b) the monitoring o f  short-tern1 varlatlons In crop growth and development due to 
intrareasonal variations in  weather during llle growing season to facilitate operational 
decisions. This approach is tcrlned Micnr l i n~a t i c  Analysis or Tactical Approach. 
The foregotng approaches are illustralcd hereafter by suitable cxa~nples. Since West Africa 
lhas disli~ict anrl varird bicrli lnalic loner, one quesl~otl Illat could be asked is whether (he 
slrategtes suggested are appl~calde globally. I t  should be en~phasizcd that all area-spccific 
queruons should bc cxarrltlred Ihornughly hefore drawing conclusi~~ns. A careful analysis o f  
lradilioilal systenls can y~e ld  valuable ii ifor~nalion about climatic hazards and constraints. 
MACROCLIMA71C ANALYSIS OR STRATEGIC PMNNING STUDIES 
Macroclltnauc Analyses or Stratrg~c l'lanning Stud~es are malnly concerned with evaluating 
natural resources f r u ~ r ~  the agro r~n~n~c  point o f  view, on a regional and nat~onal scale. The 
ct~llcctiun and class~licalion ~ l f s t ~ i l ,  water and cllmat~c resources provide a data base that may 
he u s 4  for deslgt~inp apl~ropriate str;lteglcs for thetr exploitat~on. Atlalyres are made o f  
rainfall probab~l~ties, drought freq~lcnc~es and probabil~ties, rair~falt events such as the onset 
and end o f  the rams, temlxr;iture p r l~ l ra t~~ l i t~es  and s~mple water balance. 
Rainfaall analyses 
An analys~s o f  historical ra~nT.iII data can be uwd in assessing cropping potential and 
cvaluatlng crollplilp. ri\ks In our ~IIIIII~IC data base for W e ~ 1  Afr~ca, we have focus% 
in~t ia l lv  oil co l lec t~~~ i :  long-ter~~r dally r n ~ ~ i f a l l  data for a large number o f  locations. This was 
necess;tated by the h c t  tllat tile use "I montl~ly averages todcscrtbe seasonal regimes is often 
susoccl. not onlv because Iniolsture availabilitv over a short oer~od of even 10 davs is critical , .  , 
bul also t l ~ e  o ~ ~ s c t  and end o f  scason - -  either average or ~nd~v idua l  years - -do  not coincide 
w ~ t h  calendar ~nrrnths. Our first rcprrt on the rainfall cl~matology o f a  SAT region was on 
Nlgcr (Sivakumar 1.1 ol., 1979), followed later by replrts on Mal l  (Sivakumar pr ul.. 1984) 
and Burkina Faso (Slvakumar and Faurt111, 1987). Some o f  the major aspects o f  the rainfall 
analysis are described hereafter. 
Undemanding rnin/all i ~ a ~ b i l i f y :  Persisten1 droughts during the 1970s and 1980s fccused 
a great deal of attention on the rainfall variahillly in West Afrlca, whlch should he underslmd 
In 11s lempral  and spallal d~niensl~ i~ l r  
Tempom1 variobil i ip 'l'ciaporal or l~~iic.dependent variations In raiiilbll r r r  q i i l~c cnllillion 
in West Afrlca and can hc rcpreunital at lhrec tlinc scales: annilal, nioiillily, alid dally. Tiie 
coeffiamt o f  varlaflon (CV) o f  an~iildl ralnkdll IS betwecn IS-30%. For exatiiple, tlie 
varlallon In mean aanual r;iinfalI al Banfora In Uurklna Fax, (I:lgure I )  over Ihe larl M years 
IS ahout 25%. Although llie ~n iun  a~i~ i i ia l  raintall at Banfora (represented by the horizonlal 
lhne In (he figwe) 1s 1148 nini, since 1968 ra~nlall has bsen below nornial; in 1983 11 war 
only 400 mm. The variab~lity In tile monthly rainfall is larger since the rainfall is usually 
llmited to Ihe summer munlhs I e , May n i  October. Andlty prevail, during the rest of the 
year and 1s niost pronounced fronr Decciiiher to February. There are major differences 
helwen the maximllti, average ant1 inlnlmum monllrly rainfall. Mean ra~lifall IS always 
liigher lhan tlic nicll~dn 
Ka~nfall varidb~lh~y is greatest In ciiioparlvins hetweeo sixciiic drys. Generaltzed 
characlerlstics o f  d i l ly  ra~nLil l or i i i i lr Ikrrl ioni III the Suddno-Sahel~an lone (Table I )  show 
thal nllniber of rdlny days, as well as Ihe average ralnidll pcr rainy day, increase from May 
and reach llie niaxirliiiili by Augorl Il~fferences In the average dl~rdiion between tlie rainy 
days of d~ffercnt Ilxrl lonr show l1i.11 dl Hd~ilbiir i and Nla~ney, lllc risk to crop eslabllshment 
in June IS hlpher. A! Koldd, wlierr tlie rdlni h q n  lale, (lie dilration hetween Ihe rainy days 
in May Is s ~ m ~ l a r  to Ilia1 at Hainbc~rl. 
Table I. C c l ~ c r a l i ~ a l  &lily r;!i~~l.~ll r l ~ ~ ~ r a r l c r i ~ t i r s  l n r  lu i i r  lorutioia in the 
SII~IIII~PSIIIICI~~II ZOIIC 
RD = Number o f  rainy ddys; KIU) = llall i  (111111)pr Kalny I h y ;  DRD = Dural~nn between 
rainy days 
MAY 11111 1~11 AuP &V Oci Annual 
Slal~oo 
RD RRD DRD RD RRD DRD RD RXD DRD RD RHD DRD RD RRD DRD RD RRD DRD RD RRD 
bdz 10 2 0 1  r 1 4  Y I  111 111 1 4 1  1 1  1 4 1  7 vn r a  1 ar I Y I  la 9 1  
NYD 4 18 1 1 5  7 110 I 1  Ill I N !  ll 11 liO l l  1 1111 4 1  I 10 I16 4 1  1 1 7  
b 8 8 6  118 I !  9 1 2 4  ! I  11 1 5 5  1 3  16 160 1 9  I> 119 I l l  4 B1 180 61 119 
W h 1  9 0  117 Y 146 14 I( 1 6 8  1 5  19 1 0  11 16 119 1 4  1 1 4 4  6 0  69 112 
Spollal vankbilily: Rainfall In the xmi.ar~d reglons is charactenzed by high spaltal 
variabil~ty (Sharon, 1974; Jackwn, 1977). Spalial variabll~ty, ssing inonlhly Ii ians for Wesl 
Afnca, has been studied by Nichnlwn (1980) who used correlations between individual 
stations to derive rainfall anomaly types. A systematic network o f  rain gauges IS not often 
available lo monltor the spatial var~ahilny of slngle rain storms in West Africa. We insnlled 
17 rain gauges on a 400 m grld over 500 ha a1 the research center at ISC in order to study 
h i s  aspect. Data from the rain gauges were plotted after each rainslorm, and maps were 
made showing the spalial variahilily o f  ra~nfall. On 22 July 1986. 21.2 mm o f  rainfall was 
recorded at the tseteamlog~cal observalury. tlowever, over [he ISC farm, rainfall ranged 
from 34 mm in  the northwest corner lo 8.9 !rim in the soulheart corner (Figure 2). 
Analysis o f  the data collecled duritie 1986 and 1987 showed that the average relative 
variability o f  ~ n d ~ v ~ d u a i  rainslor~iis, defined as llie percenuge deviat~on fro111 the mean, varied 
froni 2 lo 62%, w h ~ l e  Ihe variab~lity over lhe rainy season was 17% (Sivakumar and Hatfield. 
1993). Storm volu~ne showed a large infll~ence on the cornlalion decay with distance. Point 
rainfall mcasurelncnts were helter corrclalal wilh the network average ra~nfal l  than wilh the 
ramfall recorded at the nietenrological stallon. 
hrsistency and extreme magnitrrde of variohiliry: The rainfall variability discussed in  the 
furegaing leads lo ~nslabiltly III lhe Iraditlonal niean figures for crop product~on. The recent 
druuglil In the Sallel 1s not uniqoc. Anrii~al ralnlall dev~ations from Ihc mean at Niamey for 
the pas1 80 years (IYigore 3) indicate Ihal droughts occurred between 191U and 1920. 1940and 
1950. 1968 and 1973. and I976 and 1984. Tlie 1950s wcrc generally wet (Sivakumar, 
1986a). Scverc, cxlcndcd druuglils are a recurrent ieaturc in the region's climatology 
(Nicliolson, 1982) l r t~ l  hc 1960-80 i lho~~gl i l  around Niamey was unique 111 its persislence. 
Ka~nfal l  dcv~atlons 20-40% bclnw tlie Illcan were coltlmon. Nicholson (1981) showed that 
111 1950. ramfall all over Wesl Afrlca wa5 above norlnal. even up lo  250% abuve normal in 
some localions. Hnwever in 1970, rainlkll was below normal throughoul the region. 
( ieo~mpkical  patterns of rni11faI1 variahiliry: Rainfall fluctuations are associated with a 
preferred eenpraphical pallcrti. Tor exan~ple. Ihc reduction in the tilean annual ra idal l  in 
Niger all& lClh~'( l :~&ur i  4 )  i \  cl,araclerl\tlc r i l  Ihe enllre coontry (Sivakumar, 1989). T h ~ s  
Tiei~rc LISCS [ire- and I ~ \ I  IYh9 avcraae, 10 exallline the effect o f  Ihe ws l - I969  dmuehls on 
t l i i  lonp-lcrir ra lnra~iavera~es. '[ lie Yul~thsard Inovelnenl o f  rabnfall isohyets after I& was 
evidence o f  thc wvcrltv o f  d r o ~ ~ e l ~ t \  ~~LIII the CLIII~I~Y Around 16' N ,  the region that 
received an average ann;lal ra111fai o f  S O  11,-ni before 19b9 rece~ved only 400 mm afier 1969. 
These pallcrris ~ ~ i d ~ c ; ~ t c  1Ii;iI a l i ~ ~ o r ~ ~ l a l  r;i~n all cond~t~ot is arc lnearly conlinental i n  scale. 
Rair~jallpmbahilit ies: t)ecadat prccil>llallnn totals for a tong period o f  titne are available for 
numerous I ,~a t~on \  it1 l l ~ e  S~icla~nr-Salicl~an 70ne and could he analyzed by fi l l ing the most 
apliroprlalc ~nial l~t~~i~; t t ical  l u t i i t~~ ,n  lo  rainfall dala, when computing the probabilities o f  
rece~ving a certalo amount a i  ra~nfall e g.. 10. 20, 00 niin etc. Markov chain models for 
prec~pilat~on ana ly~~s .  ~ntrtduced hy ( iabr~cl  and Ncumann (1962) are widely u d .  
Appl~caliuns of these iniixlcls in agricultuiai plannlng has been discussed by Stern and Coe 
( 1982) 
I~robah~littes or rccclvlng rai~ik i l l  (11 10 111111 or !nore duritig each decade (Figure 5 )  for 
Halnhorl. N~anicy. Ouagadougiiu and K i~ lda  clearly show the differences in  the onsel o f  rains 
froni norlli l u  south Rainfall prol ia l~i l i l~cs iiuld be used effect~vely to show the seasonal 
progressLon o f  rainfall dependab~l~ly (dcfined as 75% probab~l~ty hy Hargrcaves, 19741, 
therehy p r o v ~ d ~ n g  a useful mcans lo  dilferent~atc lwallons. At Hambori, the probabililies do 
not reach the dcjcndahlc level ~f 75% probabil~ly until after decade 19, while at 
Ouagadougou, Iktcaled furlher sul~lh, Illis occurs 40 days earlier by decade 15. However, 
such large d~ffcretices In pn~lvabi l~t~cs belwccn these two locations are not observed towards 
Ilie end o f  the scastm. 
Dale of onsa of mins and lengfh of gruwing season: I n  Wesl Africa. llie date of [lie firs! 
rains IS imponanl In plaliniiig agrlcullilral oprdtiuns, panlcularly sowing. Severnl studies 
(Stanlon and Canlnlacl 1953, de Cieus 1970, Jones and Slockingcr 1972, Kasw~ i i  and 
Andrews 1975) ihowcd that carly e,ktlil~slt~nent o f  crops result5 in liiglicr yields. 
Sivaku~iiar (1988) co ! i~p~ ted  tlle d;ltcs ~ ~ f t l i c  I i r l t  and last ralns and the Ietigth o f  the growing 
=son for each year from tlie data hale for 58 localions in  [he Sudano-Sahclian zone. A 
highly s~gnificant reldllonshllr was olrserved between [he ddie o f  the onset ol'the rdlns and the 
length o f  !he growlng scaurn dcross the roulliern Sahel~an zone from wtlich the polenlial 
length o f  the growing s a w n  can bc assessed wilh reference lo  the date o f  [lie unset o f  [lie 
rains. The early onset o f  ralns, rcldllve 111 the coniputed mean date o f  the onsel for a given 
locallon, resulls in a longer gruwing rcasolt l'lils is illustraled In la l i l e  2 for N~aniey. N~ger  
(data base 1904-1984). 
Tahle 2. Probal~i l i l in:  or growing season le~ ig t l i  exccedit~g specincd dtrralions for 
variable oarel of raiits for  Ni;lliicy, Niger 
Date o f  l r n g t l ~  of gro' 
onset of rains 75 95 115 135 
24 May I(K1 99 48 I 
?June ILK1 87 I I 0 
I 2  June 99 48 I 0 
22 June 87 I 1  0 0 
2 July 48 I 0 0 
The average dale ol' the onset of rains a[ Nlamey 1s computed as 12 June, and the average 
length o f  the growing m a o n  is 94 ddys. However, ~f [he onsel of rains occurs 20 days early 
ie., by 24 May, there is a 41% proliabtlity lhal Ihe growing season wi l l  exceed 1 IS days. 
On the other hand, IT  Ihe rams are delayed until the heginning o f  July, there IS only a 2% 
probability that the growlng season w ~ l l  exceed 95 days. 
Empirical analysis of dry spells for agticullurul applicPfions in West m c a :  Recurring 
droughts and decreased agricultural producliv~ly in West Africa durlng Ihe lasl two decades 
emphasize the need for a clearer understand~ng o f  the length of dry sp l l s ,  and their 
frequencies and probabtlloes (S~vdkuiiiar, 1991a). The slmplesl calct~lat~ons o f  dry spells for 
general applications involves conlpuling the prohabil~ttes of niaxirnum and condttional dry 
spells exceeding a user-spcc~fied thresh~~ld value from a given calendar dale. Table 3 shows 
lk probabilities o f  dry spells exceeding seven, 10 and 15 days withln the following 30 days 
starling from the firs1 day o f a c h  decade o f  the year a! Niamey, N~ger .  Data are presenred 
from !he beginning o f  May to the beginning o f  Oklobcr, the p e r 1 4  during which rains are 
received at Nianley. Thew dala provide a quick overview o f  the dmught risks during the 
year. For exan~ple. the rlsk of  a long dry spell before 1 June is still quite high and exceeds 
70%. The prohabil~ties of hoth the nlaxlmum and condit~onal dry spells exceeding I 0  days 
are above 70% iron1 the ~niddle of September, which suggests that slanding crops after that 
time wi l l  face increasingly greater risks o f  water shortage. 
Table 3. Probability (%) of III~X~I~IIIII and  conditinnnl d ry  spells exceeding indicated 
lengths wi th in 30 days nner  a s lar t isg date a1 Niamey, Nlger 
Maximum dry spell (days) Conditional dry spell* (days) 
Slanlng 
date 
> 7  > I 0  > I 5  > 7  > I 0  > I 5  
I May 100 I(Kl 83 I W  93 57 
I I May 97 93 70 93 80 59 
21 May 97 83 fAJ 87 70 50 
1 June 87 67 53 80 43 23 
I I June 70 4.1 23 63 27 7 
21 June 53 27 10 50 13 0 
l July 53 20 7 43 13 3 
I I July 43 10 3 33 10 3 
21 July 33 17 3 23 7 0 
l August 3U 7 0 27 7 0 
I I August 47 iU 11 43 3 (1 
21 Augost 57 I 3  0 57 13 0 
I Sept. 81) 2.1 13 77 20 13 
I i Sept. 97 70 43 97 67 40 
2 1 Sept. IlX) 93 70 1W YO 63 
I Oct. 11x1 97 97 97 97 93 
* Calcuiatlon of  dry s l r l l  condtl~onai on the previuus day before the start o f  the period unde~ 
cons~derat~on being ralny. 
11 is !Inportant to conslder the dilferenl pc r~ tds  that follow the sowing o f  a crop for morf 
preclse appl~callons ~n agrlcultilre, since sowing dates in  the semi-and West African region! 
vary from year lo  year. A\SIIIIIIII~ that the cnniputed date fur the beginning o f  rains eact 
year is also the datc u f  srrwlng, the length oi dry spells (or days until rhe next day wiB 
ramfall greater than a thre'ihold value) at different prohahil~ty levels can be computcd foi 
conrecutive 10-day periods frutn sowing (Slvakumar, 1091b). A plot o f  the lengths o f  dr) 
spell at d~i fercnl  ra~nfal l  thresholds and lwrr probahil~ty levels for Ouagadougou (mean annual 
ralniall 792 mlnl, l ikirk~na Farrr is chown In I:~gore 6. One slgnificanl feature that emerges 
f m ~ n  t l ~ e  data in  I:lg~lic h I S  tl,c prr,nuunocd drop in thc drought risk (or the walling period 
for rainfall) from 20 DAS to 60 DAS. This is more evident at the 90% probability level 
(F~gure 6b) than at the 50% p r l ~ l ~ a b l l ~ t y  level (Figure &I. Assuming that a pearl millet 
var iay o f  90 days maturity durat~nn comes to the slage of pan~cie tnitiatton w i t h  20 days 
after wwing  (DAS) and to flowering hy SO-M) DAS. the impl~cdlion I?, that dry spells fro111 
the stage o f  emergence to panicle initiation lart longer than those dur~ng  panicle initlation to 
flowenng. The length u f  dry s ~ l l s  ~ncrmses with time after I(K1 OAS. 
Data on the lengths o f  dry spells could also be I I S ~  as a guide for breeding varieties !hat have 
maturltv durations that fit the climdtlc chdracler~at~ca of  dlffrrent Irratlons. An eranlole o f  
{his applicat~on 1s shown III F~gure  7 for N~amey, Nlger (mean annual rainfall 5.50 mm), 
Kaolack, Senegal (ROO mni), Oua%ddougou, liurkina Faso (830 mm) and Bougounl, Mal i  
(1260 mm). The length o f  dry spells in  N~amey increases with time after 90 1)AS. Kaolack 
and Ouagadouguu.,w~th nearly s~lnilar mean annual ra~nfall, show some d~firrences In the 
lengths o f  dry spells. Dry  spells become progressively longer aher 90 DAS at Kaolack and 
after I20  DAS ~n Oilagadougou. I<rua<ling strategies should be oriented towards lnaturlty at 
80 days for Nlamcy, YO dilys for Kallack, I 1 0  days for Ouagadougou and 140 days for 
Bougounl. 
Sivakumar (199th) presented the Imgth n f  dry rpclls and their frequenc~es for 150 locallons 
In West Africa. An analys~s o f  drought freqoencies showed that the Sreql~encies o f  (he lowest 
dry spell range o f  < 5 daya Increase asymph>t~c~l ly wllh lncrealing annual ra~nfall; wilh dry 
spells eaceedlng 20 days, (lie f req~~cnc~us dccreaw sharply w ~ l h  increaung litean annual 
ra~nfal l .  
Rainfall and PEdaLa ~ndicate that whli regard to ralnful agriculn~re, the Sudano-Sahelian zone 
cannol be treated as one homoeenoos rune. Research slratenles for anv elven cron must take 
. - 
account o f  hoth c l ~ m a t ~ c  var~abi l~ty and very d~l ' fermt so11 lypes. Questions also remaln about 
the criteria used In Ihe relectlon of  research s~tes for ree~onal oroerammes. the re~resentation - . -  
of  contrastrng envlronlnents In reg~onal network~ng and the assersme"t o f  ihe natlonal 
research programmes' needs for strengthening research In Important cl1111atlc zones. 
Sivakumar (1986b) has developed a so11 cllmdtlc zonation for West Africa that auperinip?sm 
the erowine season leneths on the So~ l r  Man o l  A f r ~ c a  (IJNESCO 1977) In order to answer 
- - 
some o f  the foregoing quntlcms. SOII-clin~auc runes in  the Suddno-Sahelian zone are 
prioritized and shown In Table 4 .  
m e  water balance appmach 
The real-tune ramfall data collected through the large network o f  rain gauges In the 
Sudano-Sahelian zone have not been adrquateiy exploited In esumatlng available w l l  moisture 
for crop growth. Several water balance models with varying tlex~bilit ies o f  Input data 
q u l n m e n t s ,  computer processing tlme and output data features are currently available and 
should be used to determine the ava~lable water contents o f  roils during the growing season 
using real-time weather data. A comparison o f  Ihese data with crop water requirements at 
different growth stager should facilitate the choicc o f  a suitable crop or cropping system for 
a givcn local~on. Examples of the use o f  this approach have k e n  given by Virmani er 01. 
(1978) and Sivakunlar and Fauslln (1987). 
Table 4. Soll-climatic zonm. their npproxi t t~ale extent a t ~ d  pr ior i ty r s n k i ~ ~ g  i n  the 
Sudnt~o-Snhelian zotle 
So11 type Length of Alrproximate Percemage P r ~ o r ~ t y  
Luviwls 
Arenosols 
I.uvlwls 
Veniwls 
Ver l iwls 
Regowls 
Regowls 
N~losols 
Fluv~sols 
Fluv~sols 
Arenosols 
Pianosols 
Ca~i~hlsuls 
Cambisuls 
growlllg seasun 
(days) 
l ( n - I 5 0  
60-100 
m-loo 
I(N-150 
m-100  
loo-I50 
60-100 
100-150 
l W ~ l S 0  
f 0  100 
I ( n - i s 0  
Ml-100 
(0-100 
i w - 1 5 0  
extent uf  ranking of total area 
('000 ha) 
32 0 I (1 24.0 
?Y 973 22.5 
10 268 7.7 
5 455 4.1 
4 020 3.0 
I2  200 9.1 
7 47.1 5.6 
2 855 2.1 
3 420 2.29 
? 578 1.9 
2 250 1.7 
2 443 1.8 
1 758 1.3 
813 0.6 
ranking 
Tempemlure analyrer 
Air temperatures 111 llle Sudano-Saheiian zone are usually higher becauv: o f  the lllgh rad~ation 
inad Tcnlpral i~res increase and ra~nfal l  decreases from south to north. We have used the 
dau  fur M stations in the Sudano-Sahclta~~ ,one to sliow mean monthly and annual maximum 
and n ~ i n ~ m u t n  alr tclnpcralure patlcrns 'The cl~~nulat ive frrql~cncy distr~bulion patterns o f  
11iin1mu111 atid ~niaxilrnln~ air trtnjrralures for the w l~o le  year and Rlr the rainy season is 
shown III Figure 8. I:ur tile Sudano-Sahel~ati 7one as a whole, annual as wcll as rainy season 
m i n ~ ~ m l m  temperature ranges are stt~all In comparison w ~ t h  the maxltliuni temperature ranges 
(Sivakumar. 1989). When co~npared w ~ t h  the annual nieaas, the tslnltnuiii temperatures for 
tlie rainy season are about 2 to 2 5°C htgher will lc max~munl lelilprratures are lower. 
Mean letnperalores fur the ralny season could he misleading because for cerlaln crop growth 
phases the air letnpratures are in fact liiilcli hlgher. Cut~iulative frequency distribution o f  
n ~ i n l n n l ~ n  a d lnaxltnilln air ten~lrraleres at the tlnie uf  rowing (May.lune) and harvesting 
(Sept-Oct) show (F~gurc 9) tliat lnean maxi~i lum lemperatures at the tlnie o f  sowing can 
exceed 40°C. I'rolrabil~t~es o f  III~XIIIIIII~ atr telnpcratures excwding defined thresholds have 
been reported lor  Mal l  (Sivaku~nar o ul . ,  1984) and Burk~na Fasu (Sivakumar and Faustin 
19871. 
Rescarrh on climafic changes 
Over the p t  two decadcs, rs i l r rent  d ro i~g l~ ts  and a~xx ia ted  lalntlles in Wesl Afrlca have 
caused ample concern In the internat~onal curntnunlty as lo whether long term agrlcultilral 
production could be sustalnul In  this region. One o f  the Irdslc qurstlons rcl.tted to lhls aspect 
is the contlnuily o f  the r a ~ ~ t f a l l  ds l ine  that has hcxn obrervul thus far. We liave atialy7ed 
llie long-term daily rainfall ddfa for Niger lo ascrrtaln the degree o f  ~l i i t i .~tc hange, ~f ally, 
that has occurred (Slvakttmor, 199 Ic). 
Rainfall i n  Niger 15 i in~ln<dal  and over 80% ol lhcnnnual  r rmlkl l  1s rccclvcil lo lliree ~iinntlis 
I.e., July. Auguht and Sep~en~iier. I n  order to verify tlie corroponilence hetwem iditifdll 
patterns dur~ng  ihese three months ancl the annual rainlall, n iov~ng averages for F~litigue, 
N ~ g e r  (mean annual rainfdll. 430 itini) lhave heen plotted (Plgi~rc 10). 'lltr rainfall patlcrn ill 
August follows tlidt of the annual ra~nldl l  l r =  0.90) more closely t11n11 In July (r=0.67) ancl 
September (r=0.71) 
Analysis of minfall events andrhe ruiwy season: 'l'hc analyiis of ttii1111hly rainldll totals d c ~ s  
not prov~dc suffictenl ~iifor!nal~i,n im [lie qilestton 01 tlic fitii111g (if min1;iIl nnd wlictltcr if is 
adeqiiate enougli lo jatirfy crop water reqi>lremenls. Hence, lo~ ig - t r r~ t t  dally ralnlall dnta for 
the 21 locat~ons In Niger were an.ily/ed lor tile pernxl\ 1919 h4 i i t t i l  IYh5-XX for tile 
following events ;inti thc~r slandard clev~nt~i,~i\. the ildte ot tltr on\ct o f  r;i!n\, the d;ita (11 tile 
endlng o f  rams atid llte letiglh of [lie grvwiltg wax>,, 
Variat~ons In the average dates o f  the hrglnnbrip and elid o f  llic ra111s a ~ l d  tlte lrngtlt u f  the 
growing season for tl ir I w ~ i  periidb for the selectetl l i ra t~on \  In N~ger  are il lown In 'l'iilile 5 
The data show that after 1965, the onset ill rafil\ *'as delayed ;it rrtilst of the \lalions with the 
'exception o f  Agadez, Ihrnl  N'Kimnl, (ieya and I'dIIOLIl 'I Ihc rc$iilt o l  tile cletaycd orirct and 
early endine o f  raitis at most o f  the statlotij 1s the ral i~cei l  e~lc l l l  o l  tile emwlnc se;tsiin hy 
. - - - 
5-20 days across d~fferent I i ra l~ons  In N ~ g e r  after IYh5 Alsii, file at,in~lard drvial~on ot Ihe 
onset and endinr o l  r ims  as well ac Ihc Icnath o l  llir erowtna rc;~win Ihar ~~hcreased i i l r  the 
- 
period after 1965. The implication is that cropplni: has become ~ncrarsingly rtsky 
A comparison o f  the d~fferent ratnlall pararnctcrs for two time periods (1945.64 and 1965-88) 
for August is shown In Tahle h. In order to assess the s~gn~licance ol'cliangc in Ihe rainlall 
parameters be twen the two p r lods ,  a Shidmt t-lesl was carrled out and the lever o f  
slgnlficance was tndicatcd where applicable. A l l  the nations with Ihe exceplion o f  Gaya 
showed a significant decline In total ra~nlal l  i n  Augusl. Nlne o f  !he I 2  locations ati~died also 
registered a signilicant decline In the numher o f  rdlny days in Augilst. Impltcatioar o f  lhese 
changes for agriculture in  Nlger were dtvussed by Sivakumar (1901~).  
MICROCLIMATIC ANALYSIS OR TACTICAL STUDIES 
The strategic studies discusred in  the foregoing are mainly concerned with long-term crop 
planning. However, within-wason vanauons In weather elements have a profound effecl on 
crop growth and yield. A wealth o f  metenro l~~ ica l  ~n fo rmat~on  is currently avatlable on a 
real-lime basis to users and the availability o f  high speed computers should make i t  fcasible 
l o  provide easy access Lo this information on a reginnal basis. T h ~ s  information could be ured 
lo advirc on opra t~ona l  decis~ons at the farm level to maintain crop yields. Such tactical 
kcls ion- l l lak~ng IS hdrccl on sound knowlalpc o f  the cffect o f  variations in  weather elements 
and the current managrl!ietit practices at the field scalc on cmp growth, dcvelapmenl and 
yleld. Thls requires an undcrstantltng o f  the physical and physiological prwcsws governing 
crop $rou,th. I n  principle, ~ t i t c r ~ r l ~ n ~ a l ~ c  S~II~ICS could address a varicly of tssucs at diiferent 
scales ranglng fmtn field crops and ind iv id~~a l  plants to single 1cavi.s. Our studies are 
conducled at the field scale w ~ t h  the prtnlary ohjrctivc of providing infornlation lor  
operational decision.~naking anrl for using data lo develop slmple lnde ls  for field 
appi~cal~ons. 
l 'nble 5 .  \ ' s r i n l i o ~ ~  i s  the avrrnge dale? or IIC~~IIII~II~ and ellding of ra111s and the lenglh 
o l l h c  grouinp srnson l o r  two prriods a1 s c l t ~ t e d  locations i n  Niger (s.d. = Standard 
deviation) 
k g .  o f  rams 
Avgqdalc a d .  
End o f  rains 
Avg, dale %.(I 
l r n g l l ~  growing season 
Avg.(days) s.d. 
27 July 21 7 
22 July 21 9 
2 Oct 9.5 
22 Sept 10.4 
2 June 13.1 
26 May 1 1  9 
2 July 19.6 
4Ju ly  21.3 
20 Sepl 14.5 
I l Scpl 17.9 
lU Junc 18.9 
24 Junc 16.0 
29 Sept 12 5 
19Scpl 13.0 
N G ~ ~ i g n i i  1945-64 I 9  July 17.5 3 Sepl Y 8 47 19.4 
1965.88 26Juiy 17U l Scpl I 1  9 38 21.8 
N~anley 1945-M 7 June 10.7 28 Sept 10 3 114 17.6 
1965.88 9 Jone 18 1 24 Sepl 17 3 108 22.9 
'I'ahuua 1945.64 23 Junc 20.8 29 Sepl 12.0 98 22.4 
1965.88 29 Julie 24.2 IS Scpl 16.8 79 25.8 
Tillahcry 1945.64 25 Junc 18.7 30 Scpl 12.4 97 24.1 
1965.88 28 June 24.2 I 5  Sept 14.7 79 23.6 
Tshle 6. Comparison of dillerrst r a i ~ ~ l u l l  parunleten Ior two time periods fur dillerenl 
locations i n  Niger during the ~IOII~II or Augusl 
Runfdt Rainy Drys  Ranntrrmy day Dur~l~c,n 
(mm) klvosn rrtny drys 
D~fferencs hlwecn ~ h c  twu t i n ~ c  pcrlq~dr rbgn~liiilnl il 5 %  lcvcl 
*. Dtffcrencc hlvccs I l lc  lwi, 111nc [*rrtwl> \lantliir#ll dl  1 %  Icvcl 
Research on conditional cmppbg syslen~s 
Our analysis of the rclatiunslllp Iietwun Ihe ddtc of onset of rams and lhe length of thc 
growing Eeasnn, wlilch was dcscr~bed cnrllrr. suggests llial agr~cultiiral planning In the 
Sahel~an region sliould Ire forsiulatul lrolii [he alternm~ves thal can be offrred to the farmer, 
based on the onset of rams (Sivakomar. 1988). !t IS essential to match the nlaturlly duration 
of the crop speclesivar~ety to the probdhlo laason lenglh lo ensure y~eld srdbll~ty at the farm 
level. We have developed a coliipiller program lhrl calculates the prohdbie searon length 
from the date of onsel of first ralns at a given location. In vlew of the dlfferlng growing 
waron lenglhh that result from !he d~fferent dates of onset of rains, we have developed the 
Concept of 'Condiliunai Cropping Syslellls (CCS)" where (lie cholce of a cropping system In 
a given year IS cundttioned by the onset of rains. For example, at N~amey, the recommended 
CCS is mlilel/cowpea relay crop with early ralns, millet w~ th  normal rains and cowpea with 
late rains. The objslive here IS to ~aax i~~ i lze  the producrion durlng gwd years hy exploiting 
the long growing =son and minilriize Ihe effecls of drought by making the most efficient use 
of the scarce rainfall i f  a shon season length occurs. 
We tested this concept of CCS In field studies conducted at ISC from 1986-1991. Data on 
soil water profiles showed that at the time of miliel harvest In the CCS treatment, profile sol1 
waler was adequate to olablish a u ~ m d  crop of cowpea for hay (Sivakumar. 1990). This 
enables efficient exdoitation o f  so11 moisture. In addillon. the combined water use of the two 
crop, milkt and chpea  was much h~glier. Restil~s of th/s slurly suggested that 11 is possible 
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l o  establish a second ra~nfed crop o f  c o w p  for hay where the farmers trad~tionally grow 
only millcl (Sivakunhar. 1 W l  by tatloring lnhanagernenl tactics to weather conditions in  years 
u,lth early onset u f  rams Our snldter also suggesled that in years with late onset o f  rains, 
growi l~g scason lcngth for millet productton IS likely to be ~ n ~ ~ c h  shorter, resulting in lower 
levels o f  dry matter production and yleld. 
We know that the pl iy~ical  prcrener o l  soil water flow such as ~nfiltratlon, redistribution, 
drainagr, evaporation and water h~ptakc Ihy plants are strothply ~ntcrtlependent because lhey 
occur s e q ~ ~ m t ~ a l l y  or ~~n~u l lanco i l i l y  I t  is 11111s necessary 10 coihsidcr field water balance lo 
evaluate the field water cycle as a wholc, and thr rclatlve in~agnitudc o f  the various processes 
comprlsing il over a p c r i d  o f  tinhc. I h l a  on rolls, eslacially on physical and hydraulic 
propcrucs. arc not r c ~ ~ l l l y  availahlc In Wc$t Afrlca. We lhave an;ily~rd samples fmm four 
d~ffcrcm so11 pmliler In N~ger.  at Sadorc, L)osso and Ik'l lpnl for physical, chemical and 
lhydra~tlic pruperlles (S~vakul i ia~ 1.1 ul. .  1988). 'l'hcse dnia show some distinct differences 
hetween thcse scr~ls (f:~gurc 13). Since ihcse three sites were locatcrl un a ra~l i fa l l  gradient 
I'roln 56U II~III to 840 111111, lhey olfcred s i~niquc a[lporto!lity to exa~i i~~he t e variations in  the 
colnpments of so11 water balance. 
We crlnd~~ctcd nholtilocational walrr balance studies In Niger from 1984-87, in order to 
undcretnnd llhe vnrlattunr In crop growl11 and developtncnl with clhanges in available soil water 
on llic ~lhlfcrcnl rrlil Iprofilcs ~ h o u n  ~n I:~glirr I ? .  Wc grew pearl inlillel at Sadore and Dusso; 
at Ikngotl, whcrc Lhc i n h c m  alirioal rainfall i s  839 Inn], tllc crops ~nclildcd sole crups o f  pearl 
~ n ~ l l c l .  wrghuni, tllalze and groh~ndlhi~t, iin<l inlcrcropr o f  i ~ ~ i l l c l / p r u i i ~ h d ~ ~ ~ ~ t  and n illct/cowpea. 
We appiied N, I' a~hd K at 4 2 .  20 and 25 kp lha ' or no r e r l i l ~ ~ c r ,  bare \o\I was an additional 
llcatlrhcnt We ~i ion~l [>red rol l  Inioiculre $11 10 I S  day ~ i~ t r rva ls  through<rut thegrowing uason, 
and ~nea~ured dry lnatler and leaf area ~ndcx at rcgulnr ~ntcrvals. 
Our data showed lliat a nhalor consequence o f  ferllllzerr uce is incrca\ed water-use efficiency 
(l'ablc 7). I>rly, vigrrrolts prowth re\olt\ III a large groltnd crlver early In the scason. This 
rerlu~es the pr~lportion o f  water that would lie lost thmiigh toll cvaporatlon to some extent, 
thiis fac~l i tat~ng an rl'fcctivc and clficlent use u l  ra~nfal l .  Our sli~dics also indicated that 
d~flerent cropplnp p i \ s~h l l~ t les  exlet t~lhder llie same climauc regime because o f  differences 
III the soil types under con$idcratioii and thc~r inathapcinent. 
Meururemenl and prediction of voriulions Bi evaporalive los~es from soil 
in  millel-hosed cmpping systems 
In West Africa, inil lel IS  trad~tionally gmwn in wide rows and plantitip densities are very low. 
In such sparse carhoplee, evavrrattve lus5cs froin the rol l  surface constitute a significant 
pruporuun o r  the total water loss It is eqsential to have an ~mproved description o f  the 
energy balance and cvdporatlon lruni the cparse canoples to incrcare the productivity o f  such 
l radi t~oi~al  cropplng systems. We I C K ) ~  detailed lneasurcments of  the plant, soil and total 
evaporation in a sparse millet crop in a c~,lIahorativc project with the lnstltute of Hydrology 
(IH), U.K. and the ICKISA'f Sahel~an Center. Measuremcnl techniq~~es included the u x  of 
stale o f  Ihe art eddy correlauon dcvlcea (The '"Hydra") drvelopui at IH ,  porotnetry lo  
measure transpimtlon dnd IIX of ii i~crolyai~iielerr Ill measure vr l l  rvalxlration Sorne of the 
stgnificant results from thts stu'ly i t re 
a) Soil evaporation (t,) consttlulcs a \~gnificant loss In the water lralarice o r  sparse vegelnltoil 
In West Africa. About 3h91 of  llie acawnal r a ~ n h l l  o f  5M) mtn could ha Ik~rt as direct soil 
evaporation (Walldcc cr ul , 1989;1) 
lollow!ng ram, E, wds lhtgh, lhnween 2 ~ n d  2 5 m m  d ' and dropped raptdly 
,111 one week later, when 11 WAS le\\ than 0 5 min day '. Cumtllative E, is linearly relarc<l 
to the square root o f  tlme clapwd aloce [lie lasl rainstorlil (Wallace rr ol . ,  1989b). 
c) Leaf conduclancer were found to he h~gh ,  op to I2  inn1 s '  or 480 1111nol m' s '  and varied 
according lo  the l a 1  nlrllcr, agc and povtlcrn i n  Ihe canopy (Wallace ?I " I . ,  IWOa). Canopy 
conductances are very low and varlet1 hotli diurndlly a ~ i d  aca\onally Ihecauae o f  the low leaf 
area Index in rhr $par= wnopics 
d) The Hydra can pmvidc roullne n)ea\urement\ o f  evapration and sensible h a t  nttx lo  an 
accuracy o f  around 10% ~ t t h  rx ixr i rnccd ~ ~ i r l ~ t l i t t t ~ ~ ~ n  and opcrrtion, (Wallace r t  01.. 1989b). 
Table 7. Erlects or N, I' i l !~d  I( I~,t?ili,er 1111 witltlr IIW (WII) ,  grtti l l yield (Y) n ~ ~ d  
water.usc e l l i r i c t~cy  ( W l ' I 3  for  11e;~rt ~t t l l lc t  growti a1 3 5iIvs i t 1  Nlger d1tri11g the 
1985 r n i ~ ~ y  SPII~O~I 
Slte RatnRll Treatmrnl W I I  Y W V E  
(mm) (111111) (Lg ha I) (kg ha ') 
Measuremmls of energy balatree arrd n.uporurion over bare soil und fullow bushbnd 
The widespread deterioration o f  large areas o f  uvanna in  the semi-rrtd regtons of Africa is 
bel~eved to be aswriated wlth the overcxpluitatton u f  lniarglnal land via the removal o f  wood 
and overgw ing  (Barrow, 1987). Whatever the cause, the net effect IS to degrade the savanna 
vegetation to the point where stzeable areas o f  hare so11 a p p r  between vegetation. The 
p r w n i o n  o f  bare rol l  is a measure o f  the degree o f  land degradal!on. Previous modelling 
SunicS Of the Sahcl were baxd on simple land surface yrameterlzauons and also suffer from 
a lack of basic dam against which lhey can be calthrated. According to Cunnington and 
Rowntree (1986). the rate o f  evaplmllon and net radration have important effects on 
simulations o f  the Sahelian climate. 
In a collahnratrve study with the Institrile o f  Hydrology, l1.K. (Wallace rr a / . ,  1990b), we 
cotilpared the net rad~ation and evaporation over two contrasting land surfaces, fallow 
hushland and harc so11 in Niger. Data presenled fur SIX days, before and aficr a large 
ralnstornl, showed that evain>ration frotii the bush vcgetatlon changed l ~ t l l e  in  comparison 
ut th the large change in  evalxlrallon ohscrvrtl rirer harc soil (F~gurc I!). Net radiation over 
the bush vegetation !+as 20% greater than lllal ovcr the Irnre sod, hut o t~ iy  12% greater than 
lliat over the n'et hare sotl. Over the fallow husliland, beic~rc the rainstorm, changes in  the 
!net rad~atlon hefor? and afler a rain uerc s~nall. I n  contra#l, ovcr the fallow bare soil, Ihe 
amount o f  net r a d ~ a l ~ o ~ l  used lo  cvdporalc waler increased fro111 50% Irefore the rain to 65% 
afterwards. Our prel~nlinary tiieasure~ncnts slrr~wcd that crrllection o f  such data IS itnporlant 
lo  utiderstand the ~nteracliun bctwectl vegetation and cliinale, and tts implications for land 
degradation 
QtdanliJying n'ind erusinn and rhr effecls on cmp pmdrrcrinn 
Cnvirr,ninc~rtal cnnrlillr,ns durlilg crop cstal~l!shilicnt 111 low rainfall areas are osually harsh, 
s~nce rains reccivcrl at llic time o f  aouing fullou, a lr111g anrl lint dry se.ls<rn When strong 
willcls blow over hsrc, rrrxllhlc co~ l \ ,  erpclal ly at the hcgintunp. o f  the scaion, the potential 
clallrage ~ticlurles siiiltl blauing, l iory i l~g 111 1i;rrls [ f o r  whole platlls, growtlt rcdrtctton and low 
S I ~ I V I  r a t  I ' l i i ~ ~ t  rchpoII\ei rirtigc frut11 tlrlitys 111 ctiicrgeticc, rrcluced growth and 
developttletit lo the conlplete dealti o f  clrllivated crops. 'Shcsc re\rill 111 s111)-optimal plant 
sia~lds and farfrlcrr arc crllen I<~ iccd  to rel)l;rnt lhelr crnp\. 
Although llic conicqucllcci o f  rcpeatcd w ~ n d  erosion plienoniena at tlic larrn level are well 
r in~lcrstad. few attelilpl\ Iha\,c prcv~ously hcen macle to quantify the a~i~oonts o f  blowing 
\ir~id. We thus itl~tii ited a re\carch project 011 llic qrtanl~ficatt~m o f  wtlid erosion and the 
effects on crop prtductio~l. 'Illis prnicct w ~ i l  ~nvolve three arcas' ~~~onrtortnp. sand storm 
events wliich in r lude~  cullallon o f  data on slortn duration, wind d~rcc t~un ,  wind speed, and 
catid titovclnelit. 'I he $rnd catch wtll Ihe analy~cd for SIR fracttrrt~s and ii\itrtetlt content. The 
damage to tile sculllmg prr?wlll wtll he a\sesscd hy nicas~rremcnl o f  Icaf area and dry weights 
on a dally haws. 
1)i)rlng the 1990 grcrwlnp reartrn, we mon~lnrcrl sand Inrrvcnrcnl durlng wind erusion using 
sand catrhcrs d c v c l r ~ ~ r d  by the USI)A wtnd crrlsinn unil In l l tp Spr~ng, 'lcxas and examined 
the effects o f  sand dcpo\it~on on the growt l~,  development arid yield o f  tn~llet. During the 
erowinr seacon. the accumulated hand ca~itured at 10cni above the w l l  surface reached 1265 
- - 
g (Ftgure I I ) .  D u r ~ n g  the strongest eros'ioli event, 384 g o f  sand was trapped. This single 
event covered 40% o f  all the ni~l let  u r k e l s  towliv. I'lanls from the wckcts covered bv sand 
sl~owed delays In plant develnlltncnt and reduct~~m in the height. leaf number and leaf area 
~ndex. Average yiclcl l a m  the unafl'cctcd ~pl;~nlr wds ncarly lu,icc the average yield from 
plants whose pockets had been partially covered. 
Studicsarc currently under way t o e r a ~ n ~ n r  thc efficacy o f  agrono1111c illatlagelnelll l rchn~qurs 
such as !he use 01 crop restdues and wlnd barriers as proteclive Illeasures against w ~ n d  
erosion, whlclt should hdvc m;gor ~ x l t c n l ~ ~ l  for appl~catian In the Sahel~nn reglwl 
Climae ond populoriun dynamics oJ the Pearl illillel Earlred C ~ r r p i l l a r  ( I l s g l ~ ~ ~ v m  
albipanrtc l la Ik JoanniuJ 
After the droughts o f  I4hK 72 .  whtch renl l ta l  III severe f m d  shi~rtagrs. Ilie S;lhel recetved 
abunddnl ratnr whlch were acm~n l~an ia l  by severe pesl o ~ i l h r u i r  I'earl tnil lcl wa! 
devastated hy Inlestdtions 111 the wrhcdd cdtcrpilldr (Kogltui.rt r r l b t~~ t~ r t~ ' i r l I i r  De Joanlils). 
During the sevenltes, when lhe o u l h r ~ ~ k r  were lniast revere. Vercanrhrc (1978) reported y ~ c l d  
lasus o f  up to 25% Sencgnl 
Rurhuvrt d~apa~lse, In thc pl~pal  stage The prepitpal stxlll matar larvae crawl from the 
panicle, fall to the ground, and penetrate Into the soil I'upalion occurs two lo three days 
lalar. The tnajorlty o f  Ihc pupdc are h r ; ~ l c d  In the to11 10-25 cln rotl layer. We nloni loru 
the populal~on d y n d ~ ~ ~ i c s  o f  R ~ r ~ l t u ~ o  and stud~rd the rrlal~onhhrps hetween ratnl'dll, r < ~ t l  
phys~cal paranldcrs, dldpati\r and suliseqltenl atlull ertlergcnce during 1983-86 in 
collaborat~un wtth [he ~n t l l c l  cnt~,moiogy \ub program dl IS(' ( N w a n ~ e  and Sivak~t~nar,  1990). 
We found the inajorlty o i  tlie diapaitslng pupae (51 Ti.) '11 v111 del>lhs o f  IO-2Ll c t n  Tlte oosel 
and conlinuity o f  rains, hvoorahle v8tl nni15nire and 1ciiipcrati;rr cnndll~ons were I c y  k s t i ~ r s  
In dlapause lerllllnalton, durdlion of post-dlapduse devcloptller~l and adull c~llergence. We 
establtshed t h ; ~ ~  Ihe n~i i i l l \er  111 aurvtvitlp pi~lr,ie w.#\ ~.li,rcly ; t \ \ i r~elc i l  wl l l i  clt;i~lgca 111 ~ I I  
lclnperature and oiotrlorc ill cllfkrent depths Iroln Novci i l l~cr 1,) M . I ~  We ;lls<l Intrirl Ih;i 
.moth emergence frolli the w ~ t l  urudlly alarlal 40-50 (lays alter lhe l i r r t  15.25 Inm 01 riun 
Our obuervauons i~ldlcatul  thai J~L~IIICIL: d.zi\irtgc IS l l igll ly ~ICIXIIIICII~ i ~ l n l ~ i  II~C tlillc (11' ~ O W I I I ~  
crop phenology o r  nlalurily cycle and the ryncl i ron~rat~on hclwern culttvdr pdntcle exscrllor 
and adult moth emergence. These sntdtes stress Ihe irnpi~rtance o f  knowledge o f  the phystca, 
and biological environments o f  i n u c l  pests and l l l e~ r  hosls. They rmllhasize Ihr  nrwl lot 
collecllon o f  niinrrtlulil data sets over several years IR ortler 10 bc allle 1,) quaritily the 111ajo1 
factors required for rncilels o f  agrwcosyslenls tltal are e\acnual for des~gning pest 
managemenl programmes. 
COOPERATION WITtl NATIONAL AND REGIONAL PROGRAMMES 
Since ISC is a Regional Center, we conduct our research In cooperatton w ~ t h  national and 
regional programmes located in  West Afrlca. We have strong links wlrh the Naliona 
Melmrological Services o f  Niger, Rurktna Faso, Mal l  and Senegal in ll ic area of collectton 
and analysis of agroclimatological data. We have ruppllcd htslorical ddta, that we 
wmpulenzed, lo  these national programmes and also assisted them by inlplelnenllng 
programmes for data analysis on l h e ~ r  computers. We conducted a training workshop In 
collaboration wlth W M O  for agriimeteomlogisls tn Wen Alrlca tn 1985. Anolher training 
workshop on Ihe 'Preparalion o f  Practical Agrocllmatic Infornlatlon" for the West ARican 
agrornelcorologists is scheduled for October 1991. I n  addillon, we have also received 
a p r o ~ ~ ~ c l c o m l o p ~ ~  fro111 t l ~ r  S a l ~ c l ~ a ~ l  roll llrlcs ior s l l ~ ~ r l  ~ r r i ( x I s  01 six (17 cigli l weeks iur 
Iraitllng in agron~eln~rological dala collrrl ion alld allalysi$. 
Ollr r n l l a l ~ n r a l t ~ ~ ~ ~  u.1ll1 I l ~ c  Nallo~lal h lc lco~olog~rnl  Sc rv~r r r  ul Nlgcr cx lc~r l s  l o  several a m s  
s11cI1 a? <lala coIlrc11~~11 ab~d a ~ ~ a l t v ~ ,  I~,\(II>II~, a t ~ l  ~UIICI$I~I o f  i<)ic~t wr~~ i l l a rs  a11d work$hllps. 
Wc ~ l a r l i r ~ l n l c  r p!~larly 111 t l i r ~ r  I,ll<rl ~pl,rjrrlr wllh larlllrrq Wr lhav~ assisllvl INRAN 
1I11rl1Iul Nal~otial dc Rcc l~ r r r l~c  A p ~ o t ~ o ! t ~ ~ q l a  d i ~  Nlprr) in ~~,r,r,ilorinp llle spalial variability 
or r a i l ~ h l l  a l  five or lllelr l r r~l~cl l?al  i r s ra r r l~  r l a l i , ~ ~ ~ r  in Niger. III adllilioa, we routinely 
?II(>IIIY I~ICIII W II cl i t t ia l~r daln ~IOIII Illc a i ~ l ~ ~ i ~ n l ~ c  ~ c i ~ l l ~ c r  sla11~111~ a  Dr l~pou and Maradi. 
\$'c recrlllly c o ~ ~ ~ l ~ l c l o ~ l  a It ctlr<I clr\rrti>wlp lllr YOII cli~nnlic r t ~ v ~ n ~ ~ ~ r ~ ~ r i ~ l s  (11 all l l le INRAN 
rrscarrh I , r a l i o ~ ~ r  III Nlprr  atld Iwi'r al\o 1ra111rtl r r ~ r r n l  s l ~ ~ r l c t ~ l ~  in,li  tli? l l ~ ~ i v e r s i l y  or
N~a l l i r y  arid A( i l l l lYh1l ' I '  
Fyvr. 2. Rvidvll vuriubilily ul IS<'. %&tr&. Niycr am 21 July 1986 (u = r v w  yuugc%I 
I;ig~lre 5. I'robr~bilily (I) III recrivirlg 10 111111 or 111o1.c rllillfiall d11r.il1g each decade 
at IIIIII. IIICIII~OIIS ill IIke S ~ l d n ~ ~ o - S ; ~ l ~ c l i n ~ ~  rune 
Figum 6. Nlln~Lcr ol Jn), s111il Itr\l r;~i~Jall grrn~pC lllnn III? I l ~ r n h ~ ~ l d  talun 81 n) 511% 
pmbnl~ilil) snd 1,) 90% prvl,al~ll~l) nt Ot~ngnBut~~~ot~. R~nrhious F ~ c u  
F i g ~ ~ m  7. Ix11gl11 I I ~  dry SIICIIS for IIJ IIIIII r ; ~ i ~ ~ l t ~ l l  l l ~ r ~ ~ ~ l ~ ~ ~ l ~ l  nl %I% pr,~l,nl,ili y lor fo11r 
lorations 111 West Africa 
45 - Bougovn8 
Agllrr 8. C ~ l ~ ~ u ~ l n t i v e  lruplel~cy d is l~ ib l~ l io l~  u l  III~II/I~III~ and maximum sir 
l e l l ~ l r m l l l m  lor tile wlluk year nod lor Ole rainy YISUII (Msy-Oclobtr) 
ill IIIC S ~ ~ d n a u - S ~ ~ l ~ e l i d l ~  7une 
i'iyllre 9. C'IIIIIIIIIII~V~ lrccl~lc~rcy d l s l ~ i l ~ ~ ~ l i o s  o l  III~II~II~III~I and mnxi~nllm sir 
Irllllrl.ul~tlrs 111 lllf lillle e l  suwi~~g 
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